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On the Charge Dependence of the Pion-Nucleon Coupling Constant and
Nucleon-Nucleon Low-Energy Scattering Parameters
V. A. Babenko∗ and N. M. Petrov
Bogolyubov Institute for Theoretical Physics, NAS of Ukraine, Kiev
The simple model describing charge independence and charge symmetry breaking of the pion-
nucleon coupling constant is proposed. The model, which has simple physical meaning and
foundation, suggests directly proportional dependence of the pion-nucleon coupling constants
on the masses of interacting nucleons and pions. Charge dependence of the pion-nucleon coupli-
ng constant and the 1S0-state low-energy nucleon-nucleon (NN) scattering parameters are
studied on the basis of the Yukawa meson theory. The values of the np and nn interaction
characteristics calculated by the proposed model agree quite well with the experimental data.
PACS numbers: 13.75.Cs, 13.75.Gx, 14.20.Dh, 14.40.Be, 25.40.Cm, 25.40.Dn, 03.70.+k
1. The pion-nucleon coupling constants are fundamental characteristics of strong nuclear
interaction. There are two types of pion-nucleon constants — pseudovector fNpi and
pseudoscalar gNpi, connected by the relation gNpi = (2MN/mpi±) fNpi, where MN and mpi are
the masses of the interacting nucleon and pion. The pion-nucleon coupling constants play an
important role in the researches of NN and piN interactions, and therefore great attention is
constantly paid to their study and refinement of their values [1–19]. The situation development
history regarding pion-nucleon coupling constants can be found in [1–3]. At the moment, there
are no serious disagreements on the value of the neutral-pion coupling constant g2
pppi0
characteri-
zing the proton-proton interaction. One of the last experimentally determined values of the
pseudoscalar neutral-pion constant g2
pppi0
= 13.52 (23) [4] is in full compliance with the previ-
ously found values of g2pppi0 = 13.55 (13) [5] and g
2
pppi0 = 13.61 (9) [6].
With regard to the charged-pion coupling constant g2c , there is no such agreement. The
well-known compilation of Dumbrajs et al. [7] gives the value of g2c = 14.28 (18) obtained in
[8, 9] from data on pi±p scattering. On the basis of an energy-dependent partial-wave analysis
(PWA) of data on NN scattering, the Nijmegen group found the value of g2c = 13.54 (5) [1,
10] for the charged-pion constant. This result was nearly coincident with coupling constant
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g2
pppi0
= 13.55 (13) determined for neutral pions by the same group in [5]. The values g2c ∼
13.7÷ 13.8 for the charged-pion constant, which are close to the constant g2pppi0 ∼ 13.5÷ 13.6
for neutral pions, were also obtained on the basis of data on pi±p interaction in some other
studies [11–14]. At the same time, the Uppsala Neutron Research Group obtained much larger
values for the charged-pion coupling constant, g2c = 14.62 (35) [15], g
2
c = 14.52 (26) [16], and
g2c = 14.74 (33) [17], which significantly exceed the average value of the coupling constant
for neutral pions, g2
pppi0
= 13.6 [1–3]. Thus, at the moment, an extremely important and
fundamental unsolved question is the question of the possible charge dependence of the pion-
nucleon coupling constant, or, in other words, the problem regarding difference between the
pion-nucleon coupling constants for neutral and charged pions [1–19]. In connection with this
discussion, we would also like to recall that the term “charge independence” is, in fact, synonym
for the term “isospin invariance” [1–3]. In the present work, which is a continuation of our
previous papers [18, 19], we study charge independence and charge symmetry breaking of
nuclear forces regarding the pion-nucleon coupling constant and the low-energy NN scattering
parameters on the basis of the proposed simple phenomenological model, which is based on the
mass difference between the charged and neutral pions, and in view also of the mass difference
between the neutron and the proton. The proposed model is compatible well with the standard
classical Yukawa meson model [20].
2. With taking into account the conservation of electric charge in the pion-nucleon system,
one has to differentiate in a general way four different types of elementary pseudovector pion-
nucleon coupling constants [1, 3]
fppi0→p , fnpi0→n , fppi−→n , fnpi+→p , (1)
which correspond to four possible types of elementary vertices of interaction ppi0 → p, npi0 → n,
ppi− → n, npi+ → p. Hereinafter we’ll use the notations fppi0 , fnpi0, fppi−, fnpi+, where the
subscript corresponds to the input channel of the reaction Npi → N
′
. Often, for the amplitudes
(1), the notations fp, fn, f−, f+ respectively are also used.
Since the pion-nucleon coupling constant fNpi is a measure of the force applied to a nucleon
with a mass MN (N = p, n) from the side of the pion field with a non-zero mass of a quantum
of a given field mpi (pi = pi
0, pi+, pi−), it would be natural to assume that the pion-nucleon
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constant is proportional to the product of the masses of the nucleon and the pion
fNpi = CMNmpi . (2)
With this in mind, for elementary pion-nucleon constants we have
fppi0 = CMpmpi0 , (3)
fnpi0 = CMnmpi0 , (4)
fppi− = CMpmpi− , (5)
fnpi+ = CMnmpi+ . (6)
It should be particularly emphasized that the proposed relation (2) is actually an elementary
generalization of the simple relation fpi±/fpi0 = mpi±/mpi0 , which was written for the case of
exact fulfillment of charge symmetry (f 2
pi0
≡ f 2
pppi0
= f 2
nnpi0
= f 20 , f
2
pi±
= f 2c ) and has been
considered earlier in one form or another in a number of papers [2, 19, 21–23]. The relation
(2) has a simple physical justification and interpretation [19]. Namely, due to the fact that the
pion-nucleon constants fNpi serve as a measure of the force effect of pions and nucleons on each
other, it is natural to assume that this effect will be greater, the greater the masses of particles
involved in the interaction are. Further calculations and conclusions show that the proposed
relation (2) leads to a number of reasonable results and consequences, which agree well with
the experimental data in a number of cases. Thus, the proposed hypothesis is generally self-
consistent and consistent with the experimental data and the standard classical meson model
of Yukawa alike. On the whole, it should be particularly emphasized that the hypothesis that
charge independence breaking of nuclear forces in the nucleon-nucleon system has its origin
mainly in the difference of the masses of charged and neutral pions is a very long-standing
assumption of nuclear physics with a fairly rich history and rationale [2, 22, 23].
Important combinations of elementary constants (1) are pion-nucleon coupling constants,
which characterize the force of the nuclear interaction between two nucleons and can be
generally defined as follows [1, 3]
f 2pppi0 = fppi0 · fppi0 , (7)
f 2nnpi0 = fnpi0 · fnpi0 , (8)
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f 20 = fppi0 · fnpi0 , (9)
f 2c = fppi− · fnpi+ . (10)
At the moment, of all types of pion-nucleon constants, the proton-proton coupling constant
f 2
pppi0
[5] has been determined experimentally in the most reliable and accurate way. So, there
are no serious disagreements on the value of this constant. And then, the neutron-neutron
constant f 2
nnpi0
, the neutral-pion constant f 20 and the charged-pion constant f
2
c , in accordance
with Eqs. (7)–(10) with regard also to Eqs. (3)–(6), are expressed through the constant f 2
pppi0
within the framework of the proposed model in the following way
f 2nnpi0 =
M2n
M2p
f 2pppi0 , (11)
f 20 =
Mn
Mp
f 2pppi0 , (12)
f 2c =
Mn
Mp
m2pi±
m2
pi0
f 2pppi0 . (13)
In accordance with Eqs. (11)–(13), by using the reliably established experimental value of
the proton-proton constant [5]
f 2pppi0 = 0.0749 (7) (14)
and experimental values of the masses of nucleons and pions [24], we obtain the following
values for the pseudovector pion-nucleon constants f 2nnpi0 , f
2
0 and f
2
c :
f 2nnpi0 = 0.0751 (7) , (15)
f 20 = 0.0750 (7) , (16)
f 2c = 0.0802 (7) . (17)
The pseudoscalar pion-nucleon coupling constant gNpi and the pseudovector coupling
constant fNpi are related by the well-known equivalence relation [1–3]
gNpi→N ′ =
MN +MN ′
mpi±
fNpi→N ′ . (18)
With taking into account Eq. (18) and using the pseudovector constants (14)–(17), we obtain
the following values for the pseudoscalar pion-nucleon coupling constants
g2pppi0 = 13.54(13) , (19)
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g2nnpi0 = 13.61(13) , (20)
g20 = 13.58(13) , (21)
g2c = 14.52(13) . (22)
The value (22) of the pseudoscalar charged-pion coupling constant g2c , found in such a way
within the framework of the proposed model, completely coincides with the experimental
value g2c = 14.52(26) obtained by the Uppsala Neutron Research Group [16]. The value (22)
also practically coincides with the value g2c =g
2
pi± = 14.53(25) we obtained earlier [18, 19] in
the Yukawa pion-nucleon model by using pp and np low-energy scattering parameters. The
rather “large” value (22) of the constant g2c , obtained for the considered model, is also in good
agreement with a number of other values of the charged-pion coupling constant obtained by
processing the experimental data on the NN and piN interaction [7–9, 15, 17, 25, 26].
At the same time, a number of other experimental determinations [6, 10–14, 27, 28] give
significantly smaller values for the charged-pion constant g2c , which turn out to be close to the
value (21) of the neutral-pion constant g20 = 13.58(13), that indicates on the possible charge
independence of the pion-nucleon coupling constant. Thus, the issue of charge dependence
or charge independence of pion-nucleon coupling constants f 2 and g2 remains still unsolved
and requires further experimental and theoretical researches [1–19, 26–31]. Nevertheless, the
results of this work and the results of our previous papers [18, 19], based on the Yukawa meson
theory, provide some kind of additional evidence of the charge independence breaking for the
pion-nucleon coupling constant in accordance with modern concepts of the microscopic theory
of strong interaction — quantum chromodynamics (QCD). Since, from the microscopic point of
view of QCD, the charge independence breaking of nuclear forces in general, and with respect
to the pion-nucleon coupling constant in particular, has its origin in the existing differences
in the masses and charges of u- and d-quarks, the elementary “components” of hadrons, then
the pion-nucleon coupling constant according to QCD is subjected to charge independence
breaking due to necessity. For more details on the state of the situation with pion-nucleon
constants and their determination, see the recently published review [3].
Even more subtle and not too researched is the issue of the possible charge symmetry
breaking of the pion-nucleon coupling constant, i.e. the issue of the difference of pion-nucleon
constants corresponding to the proton-proton and neutron-neutron interaction. For the pion-
nucleon constant corresponding to the neutron-neutron interaction, the ratio of neutral-pion
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pseudoscalar constants gnpi0 ≡gnnpi0 and gppi0 ≡gpppi0, corresponding to the nn and pp interacti-
on, is often considered in the literature. Within the framework of the proposed model, this
ratio according to Eqs. (11), (18) is determined by the formula:
gnpi0
gppi0
=
M2n
M2p
= 1.0028 . (23)
The value (23) obtained in such a way almost coincides with the value of the ratio gnpi0/gppi0 =
1.0027 of neutral-pion pseudoscalar constants corresponding to the experimental values f 2
pppi0
=
0.0751 (6) and f 20 = 0.0752 (8) of pseudovector constants found in [32] by Nijmegen group on
the basis of the PWA of NN scattering data in the energy region Tlab 6 350 MeV. The value
(23) of this ratio obtained in the model under consideration also complies well with the value
gnpi0/gppi0 = 1.0038 obtained in [33] on the basis of the Cloudy Bag Model (CBM) and with the
value gnpi0/gppi0 = 1.0023 found in [34] using the Feynman diagram method. Thus, in general,
the values of the neutron-neutron g2
nnpi0
and the charged-pion g2c coupling constants obtained
in the proposed model by using the well-known pp constant g2
pppi0
agree well with a number of
both experimentally determined and model values of these quantities.
3. The low-energy scattering parameters of the nucleon-nucleon effective-range theory,
the scattering length and the effective range, are the fundamental characteristics of the NN
interaction and the nuclear forces in general [2, 22, 35–41]. The degree of violation of charge
independence and charge symmetry of nuclear forces [2, 22], as well as the properties and
characteristics of various NN potentials and other physical parameters and properties of
the NN system [38–40], are estimated by the effect on the change in these parameters and
their values. And at the same time the NN scattering length is usually the most sensiti-
ve and characteristic parameter with respect to small changes in the NN potential or some
other characteristics of the system. To calculate and estimate the low-energy NN scattering
parameters for the proposed model, we consider the description of the NN interaction by the
classical nucleon-nucleon potential, which follows from the meson field theory, the Yukawa
potential, which contains the pion-nucleon coupling constant as the initial parameter. For the
NN interaction in the spin-singlet 1S0 state, the Yukawa potential has a simple form [18–20]
VY UK (r) = −V0
e−µr
µr
; µ =
mpic
~
, V0 = mpic
2f 2pi . (24)
Two protons or two neutrons interact via the exchange of a neutral pion, and in this case, the
parameters of the Yukawa potential µpp, V
pp
0 and µnn, V
nn
0 in accordance with (24) are then
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determined by the neutral-pion mass mpi0 and the coupling constants f
2
pppi0
and f 2
nnpi0
. But
in the case of neutron-proton interaction, the exchange occurs via both neutral and charged
pions. And in the latter case, one should determine the parameters µnp and V
np
0 of the potential
(24) by employing an averaged pion mass value mpi and an averaged neutron-proton coupling
constant f 2nppi [18, 19, 42]:
mpi ≡
1
3
(mpi0 + 2mpi±) , f
2
nppi ≡
1
3
(
f 20 + 2f
2
c
)
. (25)
Further, we will use the well-known proton-proton low-energy scattering parameters as
the “input” initial parameters of the model, just as the proton-proton piN -constant f 2
pppi0
was previously used and specified. Namely, we evaluate the Yukawa proton-proton potenti-
al parameters µpp and V
pp
0 by using the experimental proton-proton scattering length app and
effective range rpp. But in doing this, corrections associated with electromagnetic interaction
should be removed from the real experimental values of the nuclear-Coulomb low-energy pp
scattering parameters. After the removal of these corrections, the values of the purely nuclear
scattering length app and effective range rpp for pp scattering turn out to be equal [22]
aexptpp = −17.3(4) fm , r
expt
pp = 2.85(4) fm . (26)
By employing the variable-phase approach [43] and the values of the pp scattering parameters
(26), we obtain the following values for the parameters of the Yukawa potential (24) in the
case of pp-interaction
µpp = 0.8392 fm
−1 , V pp0 = 44.8259MeV . (27)
Note that all further calculations of the low-energy NN scattering parameters for the Yukawa
potential are also made on the basis of the variable-phase approach [43].
As shown in our previous works on this issue [18, 19], the neutron-proton parameters of the
Yukawa potential (24) µnp and V
np
0 are related to analogous parameters of the proton-proton
interaction µpp and V
pp
0 in the following way
µnp =
mpi
mpi0
µpp , V
np
0 =
mpi
mpi0
f 2nppi
f 2
pppi0
V pp0 . (28)
Similarly, the neutron-neutron parameters of the potential (24) µnn and V
nn
0 are also related
to the parameters of the proton-proton interaction by the relations
µnn = µpp , V
nn
0 =
f 2
nnpi0
f 2
pppi0
V pp0 . (29)
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In accordance with Eqs. (28), (29), taking also into account (11)–(13), (25), (26) and using the
values of the Yukawa potential parameters for the pp interaction (27), as well as the values of
the nucleon and pion masses [24], then we calculate the following values of the parameters µ
and V0 for the Yukawa potentials of np and nn interaction
µnp = 0.8583 fm
−1 , V np0 = 48.0246MeV , (30)
µnn = 0.8392 fm
−1 , V nn0 = 44.9496MeV . (31)
Calculated further in such a way, by using the obtained parameters (30) of the Yukawa
potential (24), the values of the singlet np scattering length anp and the effective range rnp for
the proposed model
anp = −23.4(4) fm , rnp = 2.70(5) fm (32)
agree well with the experimental values [35, 36, 40, 41]
aexptnp = −23.715(8) fm , r
expt
np = 2.71(7) fm . (33)
In a similar manner, by using the Yukawa potential parameters (31), we obtain the following
values for the neutron-neutron low-energy scattering parameters ann and rnn
ann = −18.2(4) fm , rnn = 2.84(5) fm . (34)
As a result, and taking into account the inaccuracy measures, the values (34) of the quantities
ann and rnn, calculated within the framework of the proposed model, are in good agreement
with their experimental values
aexptnn = −18.6(5) fm , r
expt
nn = 2.83(11) fm , (35)
found in [44] from the reaction pi−+d → γ+2n. The found values of the neutron-neutron
low-energy scattering parameters (34) are also in very good agreement with the values ann =
−18.38(55) fm, rnn = 2.84(4) fm that we have obtained based on the analysis of the difference
in the binding energies of the 3H and 3He mirror nuclei [45, 46]. Thus, the value (34) of the
neutron-neutron scattering length, obtained for the model under consideration, is in good
agreement with the averaged experimental value of this quantity aexptnn ≃ −18.5(3) fm [2, 22].
In order to verify the charge independence of nuclear forces, it is necessary to put together
and compare the neutron-proton, neutron-neutron and proton-proton forces at low energies.
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Since the 1S0 state of the NN system features a virtual level with a nearly zero energy, then
the NN scattering length in this state is the most sensitive parameter in relation to small
variations of the NN potential. For this reason, the difference between the averaged value of
the pp and nn scattering length and the np scattering length is often used as a quantitative
measure for the charge independence breaking (CIB) of nuclear forces in the NN system [22]
∆aCIB ≡
1
2
(app + ann)− anp . (36)
According to (26), (33), (35), the experimental value of this difference is
∆aexpt
CIB
= 5.8(3) fm , (37)
which amounts to ∼30% in relative units. That this difference is nonzero highly beyond the
experimental uncertainty indicates that the hypothesis of charge independence of nuclear forces
is violated at low energies [2, 22]. The experimental value of the pp scattering length app (26)
and the values of the np scattering length anp (32) and nn scattering length ann (34), calculated
in the proposed model, lead to the following value of the quantity ∆aCIB in this model
∆atheor
CIB
= 5.7(4) fm . (38)
The theoretical value ∆aCIB (38) obtained in such a way agrees very well with the experimental
value (37). Hence, within the framework of the discussed model, the charge independence
breaking of nuclear forces is fully explained by the mass difference between the charged and
neutral pions and by the mass difference, also present, between the neutron and the proton, the
latter giving some minor contribution. In contrast with this, only ∼50% of the experimental
difference ∆aexpt
CIB
(37) was explained by the mass difference between the charged and neutral
pions in earlier works — see [2, 22, 23, 47, 48].
4. Finally, to summarize, it should be emphasized that the pion-nucleon coupling constants
are of primary importance first of all for the low-energy nuclear physics. The latter is caused
mainly by the fact that the pions are the lightest ones among the mesons and therefore the
Yukawa’s pion exchange process determines the most long-range part of the nucleon-nucleon
interaction, namely the so-called one-pion-exchange tail. All in all, considering the fact that the
pion, predicted by Yukawa [20], is the most important meson for our theoretical interpretati-
on and understanding of the nuclear forces, then the comprehension and exact quantitative
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explanation of the coupling and interaction between the pion and the nucleon is crucial for
the development and construction of the strong nuclear interaction theory in general [1–3, 22,
35–37, 49, 50]. It’s actually also interesting to note that different approaches and methods
regarding quantum mechanical problem for the Yukawa potential model are also under study
in the contemporary literature — see, for example, recent paper [51] and references therein.
So, all told, on the basis of the standard classical Yukawa hypothesis [20] that the NN
interaction at low energies is due to the exchange by particles with nonzero mass — pions, a
physically justified model of pion-nucleon interaction was proposed, wherein the pion-nucleon
coupling constant, characterizing the interaction force of the nucleon with the pion field, is
proportional to the product of the nucleon and pion masses: fNpi = CMNmpi. The proposed
phenomenological model of charge independence and charge symmetry breaking of the pion-
nucleon coupling constant describes the difference between the four types of elementary
pseudovector pion-nucleon constants by simple splitting formulas (3)–(6) proportionally to
the masses of nucleons and pions participating in the interaction. Therefore, in general, this
model establishes a connection between different types of pion-nucleon coupling constants.
Physical justification and interpretation of the model lies in the fact that the pion-nucleon
constants fNpi serve as a measure of the force effect of pions and nucleons on each other, and
therefore it is natural to assume that this effect will be greater, the greater are the masses
of particles involved in the interaction. Consequently, it follows that the charge independence
and charge symmetry breaking of the pion-nucleon constant in the proposed model is directly
related to the mass differences of the interacting particles — nucleons and pions.
Further, by making use of the reliably established experimental value of the proton-proton
coupling constant f 2
pppi0
, the values of the charged-pion f 2c = 0.0802 (7), the neutral-pion
f 20 = 0.0750 (7) and the neutron-neutron f
2
nnpi0 = 0.0751 (7) pseudovector coupling constants
were calculated on the basis of the proposed model. The value of the pseudoscalar charged-
pion coupling constant g2c = 14.52(13), found within the framework of the discussed model,
completely coincides with the experimental value of the Uppsala Neutron Research Group [16]
and is in good agreement with a number of other values of the charged-pion coupling constant,
obtained in different studies [7–9, 15–19, 25, 26]. The value for the ratio of neutron gnnpi0 and
proton gpppi0 pseudoscalar pion-nucleon coupling constants gnnpi0/gpppi0 = 1.0028, also obtained
in this model, is in good agreement with a number of other values of this quantity found
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in various models [32–34]. The values of the singlet scattering lengths and effective ranges
anp = −23.4(4) fm, rnp = 2.70(5) fm for np-scattering and ann = −18.2(4) fm, rnn = 2.84(5) fm
for nn-scattering, calculated within the framework of the proposed model by making use of
the well-known experimental low-energy pp scattering parameters, agree well with the experi-
mental values of these quantities with taking into account the inaccuracy measures of the
latters. Thus, the charge independence breaking of nuclear forces is almost completely explai-
ned by the mass difference between the charged and neutral pions and by the mass difference
between the neutron and the proton for the model under consideration. As we see, the calculati-
ons carried out and the conclusions obtained on their basis show that, in general, the proposed
model leads to a number of reasonable results and consequences that are in good agreement
with the experimental data.
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